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ABSTRACT 

Objective: To assess the accuracy of first trimester soluble fms-like tyrosine kinase-1 (sFlt-1) and 

placental growth factor (PlGF) in predicting pregnancy hypertension and pre-eclampsia; and 

compare with the accuracy of routinely collected maternal and clinical risk factors. 

Study design: In this population-based cohort study, serum sFlt-1 and  PlGF levels were measured 

in first trimester in 2,681 women with singleton pregnancies in New South Wales, Australia.  

Main outcome measures: Prediction of pregnancy hypertension and pre-eclampsia.  

Results: There were 213 (7.9%) women with pregnancy hypertension, including 68 (2.5%) with 

pre-eclampsia. The area under the curve (AUC) for both sFlt-1 and PlGF was not different from 

chance, but combined was 0.55 (P=0.005). Parity and previous diagnosed hypertension had better 

predictive accuracy than serum biomarkers (AUC=0.64, P<0.001) and the predictive accuracy for 

all maternal and clinical information was fair (AUC=0.70, P<0.001 for pregnancy hypertension and 

AUC=0.74, P<0.001 for pre-eclampsia). Adding sFlt-1 and PlGF to maternal risk factors did not 

improve the ability of the models to predict pregnancy hypertension or pre-eclampsia. 

Conclusions: Maternal first trimester serum concentrations of sFlt-1 and PlGF do not predict 

hypertensive disorders in pregnancy any better than routinely collected clinical and maternal risk 

factor information. Screening for sFlt-1 and PlGF levels in early pregnancy would not identify those 

pregnancies at-risk. 

Key words: fms-like tyrosine kinase-1, placental growth factor, first trimester, pregnancy 

hypertension, pre-eclampsia, predictive accuracy 
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INTRODUCTION 

Hypertensive disorders of pregnancy have a major impact on maternal health and are responsible 

for 9% - 25% of deaths worldwide [1] and encompass two different conditions. Chronic 

hypertension has onset prior to pregnancy or is diagnosed prior to 20 weeks gestation. Pregnancy 

hypertension has onset from 20 weeks gestation and ranges from hypertension alone (gestational 

hypertension) through proteinuria and multi-organ dysfunction (pre-eclampsia) to seizures 

(eclampsia). While these broad classifications are widely accepted, the diagnostic criteria for each 

subgroup vary internationally. Pregnancy hypertension and pre-eclampsia are of particular interest 

because if women at risk can be identified early in pregnancy this would allow ample time for 

monitoring and implementing preventive strategies.  

 

The pathogenesis of pre-eclampsia involves inadequate remodelling of spiral arteries during 

placental development [2], influenced by imbalances in expression of  pro-angiogenic factors such 

as placental growth factor (PlGF) and anti-angiogenic fms-like tyrosine kinase-1 (sFlt-1) receptor 

[3].   Serum concentrations of sFlt-1, PlGF and other biomarkers of placental development have 

been suggested to have predictive value along with several maternal and clinical risk factors that 

can also help identify women at-risk [4, 5]. However, results have come mostly from small studies 

[6], and have been inconsistent and not reliable enough for implementation in routine clinical 

practice. Evaluation of biomarkers for their clinical utility needs to assess the added benefit they 

offer to risks that can be ascertained from an antenatal booking history. The aim of this study was to 

assess the accuracy of first trimester fms-like tyrosine kinase-1 (sFlt-1) and placental growth factor 

(PlGF), both alone and in combination, in predicting pregnancy hypertension and pre-eclampsia in a 

population-based cohort; and compare them with the accuracy of routinely collected maternal and 

clinical risk factors. 
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MATERIALS AND METHODS 

Study population and sample testing 

The study population included pregnant women attending first trimester Down syndrome screening 

between July and October 2006 in New South Wales (NSW), Australia. Serum samples were 

collected by the Pacific Laboratory Medicine Services (PaLMs), and then archived and stored at -80 

degrees Celsius. During this period this was the state’s only public screening service and received 

samples from throughout NSW.     

 

Serum samples for this study were thawed and serum levels of sFlt-1 were measured using a 

commercially available Quantikine ELISA kit (R&D Systems, Minneapolis, USA) while PlGF was 

measured by an automated immunoassay using commercially available kits (AutoDELFIA 

PerkinElmer Inc. Turku, Finland). Intra-assay and inter-assay coefficients of variation were <12% 

and the reported analytic sensitivity of the assay was 7.7 - 1980 pg/ml for sFlt-1 and 0.7 – 168 

pg/ml for PlGF. Laboratory scientists  were blinded to pregnancy outcomes. 

 

Data sources 

The laboratory database contained maternal information for those with archived serum samples and 

women’s corresponding pregnancy and birth outcomes were ascertained from the Perinatal Data 

Collection (PDC) and the Admitted Patient Data Collection (APDC), all three sources were then 

combined via record linkage. The PDC is a statutory surveillance system of all births in NSW of at 

least 400 grams birth weight, or at least 20 weeks gestation and includes demographic, medical and 

obstetric information on the mother, labour, delivery and birth outcomes.  The APDC is a census of 

all patient hospital admissions from NSW public and private hospitals, with records for both 

mothers and liveborn infants. It holds demographic, clinical and health services information for 

each admission. Relevant diagnoses and procedures are also recorded for each hospital admission 
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and coded according to the International Classification of Diseases version 10 – Australian 

Modification (ICD10-AM) and Australian Classification of Healthcare Interventions, respectively.  

 

In Australia unit record data from multiple datasets cannot be produced because unique identifiers 

are not available for record linkage.  Therefore, probabilistic linkage methods are used [7, 8]. This 

involves a complex process of blocking and matching combinations of selected variables (such as 

name, date of birth, address and hospital) using record-linkage software [9]. The validity of the 

probabilistic record linkage is extremely high with less than 1% of records having an incorrect 

match [8, 9]. Record linkage was conducted by The NSW Centre for Health Record Linkage 

(CHeReL) and identifying information are removed before the data are sent to researchers. The 

CHeReL assesses the linkage quality for each study, and for this study there were <5/1000 missed 

links and <2/1000 false positive links.  The study was approved by the NSW Population and Health 

Services Research Ethics Committee. 

 

Study outcomes included were pregnancy hypertension and pre-eclampsia and to maximize 

ascertainment, information was identified from both the APDC and PDC data [10, 11]. Pre-

eclampsia (regardless of severity) and any pregnancy hypertension (pre-eclampsia or gestational 

hypertension) were determined either if ‘Yes’ was recorded in response to the relevant questions 

(proteinuric or non proteinuric hypertension with onset >20 weeks) in the PDC record, or if any 

APDC record had a diagnosis of gestational hypertension (ICD10-AM: O13 and O16), pre-

eclampsia (O11 and O14) or eclampsia (O15) [11]. The key maternal and clinical risk factors used 

in this analysis included maternal age and weight (kilograms) ascertained at the time of first 

trimester screening, parity (nulliparous/multiparous), smoking during pregnancy, any previously 

diagnosed hypertension (chronic or pregnancy) or high blood pressure, any previously diagnosed 

diabetes (pre gestational or gestational), country of birth and socio-economic disadvantage quintile. 

Socio-economic disadvantage was determined using the Socio-Economic Indexes for Areas 
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(SEIFA) relative disadvantage scores developed by the Australian Bureau of Statistics (ABS) [12]. 

Information on Pregnancy Associated Plasma Protein A (PAPP-A) from laboratory data (used for 

Down syndrome screening) was also available for analysis. Only factors that are well and 

accurately reported were included in the analyses [13]. Maternal weight was missing in 570 (21%) 

of the records. Multiple imputation was used to account for the missing maternal weight, a 

technique that predicts missing values using existing values from other variables [14]. Other 

missing data were infrequent: there were no records with missing maternal age, parity, country of 

birth or socio-economic disadvantage. Smoking was missing in 29 records (1.1%) and there were 5 

missing records for PAPP-A (0.2%) which were excluded from the analysis.  

 

Statistical analysis 

Comparison of maternal characteristics and concentrations of sFlt-1 and PlGF between women with 

and without each clinical outcome was performed using contingency tables, student’s t-test or 

Wilcoxon-rank sum test for categorical, normal or non-normally distributed data, respectively. As 

sFlt-1 and PlGF varied by gestational age, weight and smoking status, levels were standardized 

using multiple of the median (MoM) as described by Cuckle and Wald [15]. Logarithmic 

transformation of sFlt-1 and PlGF MoM was used to produce Gaussian distributions.  

 

Univariate logistic regression analysis was performed to assess associations between serum 

biomarkers and adverse pregnancy outcomes. Multivariate logistic regression analysis was then 

conducted to evaluate serum biomarkers taking into account maternal factors identified in the 

literature to be associated with the outcomes of interest (parity, weight, previous diagnosis of any 

hypertension). Separate models were conducted, firstly evaluating just serum biomarkers alone, 

then serum biomarkers combined, then maternal and clinical factors only (excluding biomarkers) 

and finally a combined model including both serum biomarkers and maternal risk factors. Each of 

these models were compared to determine whether serum biomarker levels provided any additional 
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information to maternal and clinical risk factors in predicting pregnancy hypertension and pre-

eclampsia, by evaluating  the differences in maximum likelihood estimates from each model using 

the likelihood ratio test (X2). 

The diagnostic performance of the models was determined by examining the area under the 

Receiver Operating Characteristic (ROC) curves (AUC). A standardized scale was then used to 

assess the AUC results [16],  where an AUC of 1 represents a perfect test, 0.9 – <1 an excellent test, 

0.8 – <0.9 a good test, 0.7 – <0.8 a fair test, 0.6 – <0.7 a poor test and 0.5 – <0.6 a worthless test. 

AUC results were also examined to determine whether models performed better than chance (0.5). 

Finally, estimates of predictive accuracy at a fixed 5% false positive rate were calculated including 

sensitivity, specificity, positive (PPV), negative predictive values (NPV) and positive likelihood 

ratio with exact binominal confidence intervals. Models and predictive accuracy were examined 

among all women and for a sub-group of nulliparous women that have increased risk of pregnancy 

hypertension or pre-eclampsia [2, 5]. A P-value of <0.05 was considered to be statistically 

significant and analyses performed using SAS software 9.2 (SAS Institute Inc., Cary, NC, USA).  

 

RESULTS 

A total of 2,973 serum samples were tested for sFlt-1 and PlGF; with health information relevant to 

the pregnancy available for 2,782 (93.6%) samples. We excluded 101 women whose blood sample 

was taken before 10 or after 14 weeks gestation, had a medical abortion, had a twin pregnancy or 

had an infant with a major congenital anomaly. A total of 2,681 women were included in the 

analysis. Levels of sFlt-1 and PlGF were outside the limits of assay detection for 40 and 6 women, 

respectively. Table 1 presents the maternal characteristics and biomarker levels by pregnancy 

outcome. The mean (SD) maternal age was 32.8 (4.6) years, mean maternal weight was 66.9 (12.7) 

kg, 1,182 (44.8%) women were nulliparous and 162 (6.1%) smoked during pregnancy. Compared 

to unaffected pregnancies, women with pregnancy hypertension or pre-eclampsia were heavier, 
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were more likely to be having their first baby and to have been previously diagnosed with 

hypertension.   

 

Median [inter quartile range (IQR)] serum levels of sFlt-1 and PlGF for the total cohort were 286.4 

(167.1 – 466.8) pg/ml and 23.9 (18.1 – 31.5) pg/ml, respectively. There were 213 (7.9%) women 

diagnosed with pregnancy hypertension, including 68 (2.5%) with pre-eclampsia. Compared with 

unaffected pregnancies (median PlGF: 24.1, IQR: 18.3 – 31.7 pg/ml), median levels of PlGF in first 

trimester were significantly lower for women subsequently diagnosed with pregnancy hypertension 

(median PlGF 21.3, IQR: 16.9 - 28.0 pg/ml; P<0.001). Compared with unaffected pregnancies, 

women with pregnancy hypertension and pre-eclampsia had a tendency to have lower sFlt-1 levels, 

but differences were not significant (Table1). 

 

Figure 1 presents the distribution of log sflt-1 (MoM) and log PlGF (MoM) for women with and 

women without pregnancy hypertension and pre-eclampsia. There was no difference in the 

distribution of log PlGF and log sFlt-1 comparing women with and without pregnancy hypertension 

and pre-eclampsia. Table 2 presents the predictive accuracy results for pregnancy hypertension and 

pre-eclampsia for all women.  The area under the curve (AUC) for univariate models evaluating 

individual biomarkers was no different to chance, but for all three biomarkers combined, AUC was 

0.55 (P=0.005). Parity and previous diagnosed hypertension had better predictive accuracy than 

serum biomarkers (AUC=0.64, P<0.001) and predictive accuracy for all maternal and clinical 

information was fair (AUC=0.70, P<0.001 for pregnancy hypertension and AUC=0.74, P<0.001 for 

pre-eclampsia). Adding serum biomarkers to maternal risk factors did not improve the ability of the 

models to predict pregnancy hypertension or pre-eclampsia (X2=2.70, P=0.10 for GH; and X2=1.24, 

P=0.27 for pre-eclampsia).  
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Table 3 presents the predictive accuracy results for pregnancy hypertension and pre-eclampsia for 

nulliparous women only. The AUC results for individual biomarkers were similar compared to 

those for all women. Maternal weight had better predictive accuracy than serum biomarkers 

(AUC=0.61, P<0.001) and predictive accuracy of all maternal and clinical information was similar 

to all women (Table 3). Including serum biomarkers with maternal risk factors did not improve the 

ability of the models to predict pregnancy hypertension or pre-eclampsia (X2=3.00, P=0.08 for 

pregnancy hypertension; and X2=0.97, P=0.32 for pre-eclampsia) (Table 3). In analyses for all and 

for nulliparous women, the positive likelihood ratio results for maternal and clinical risk factors 

were superior, ranging between 4.09 and 5.25 (Tables 2 and 3). 

 

DISCUSSION 

This is one of the largest studies to investigate the accuracy of sFlt-1 and PlGF in early pregnancy 

in predicting pregnancy hypertension and pre-eclampsia. It also provides an important comparison 

of the utility of serum biomarkers with maternal and clinical risk factors. Although sFlt-1 and PlGF 

levels were generally lower among women subsequently diagnosed with pregnancy hypertension 

and pre-eclampsia, our results indicate that the predictive accuracies of first trimester serum 

concentrations of sFlt-1 and PlGF were insufficient in predicting these outcomes. Clinical and 

maternal risk factors had fair predictive accuracy and outperformed a combination of these first 

trimester serum biomarkers. Adding serum sFlt-1, PlGF and PAPP-A levels to risk factors did not 

improve the accuracy of models in predicting pregnancy hypertension and pre-eclampsia, even 

when limiting the analysis to nulliparous women.     

 

Consistent with most previous studies we found little or no difference in sFlt-1 or PlGF levels in 

first trimester between women with and without subsequent pre-eclampsia [3, 17-22]; and poor 

accuracy in predicting any pre-eclampsia or pre-eclampsia >34 weeks [23-25]. This includes a large 

population-based prospective cohort study of 7,519 women, highlighting little association and no 
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potential predictive ability between sFlt-1 or PlGF and pre-eclampsia [3]. In contrast, three studies 

reported a potential utility of sFlt-1 or PlGF levels in first trimester for predicting any pre-eclampsia 

or pre-eclampsia <34 weeks (based on a 10% fixed false positive rate, sensitivity ranging between 

0.33 and 0.58 and AUC between 0.65 and 0.83, respectively) [26-28]. Promising results have been 

also reported for PlGF in predicting early (<34 weeks) or severe pre-eclampsia (based on a 5% 

fixed false positive rate, sensitivity: 0.28 - 0.30; AUC: 0.75 - 0.80, respectively) [26, 29, 30], 

however, we could not assess the accuracy for this outcome due to the low number of cases in our 

cohort. The accuracy of sFlt-1 and PlGF alone in predicting pre-eclampsia in nulliparous women 

has been investigated by three other studies [30-32], in addition to ours. In all studies, results for 

sFlt-1 were comparable with ours, but in other studies PlGF performed better in predicting pre-

eclampsia in this sub-group of women. The studies reported an AUC for PlGF in predicting any 

pre-eclampsia ranging between 0.61 and 0.65 [30, 31] and an AUC of 0.77 for pre-eclampsia <37 

weeks [32]. Factors that may influence variation in predictive accuracy results and biomarker 

concentrations include the timing of the sampling, timing of the onset of disease and whether levels 

were standardized or not to MoM values. 

 

The main issue attributed to the lack of predictive ability of sFlt-1 and PlGF in early pregnancy is 

that imbalances between pro and anti angiogenic factors involved in the pathogenesis of pre-

eclampsia, may not be expressed until later in pregnancy. Longitudinal studies of serum sFlt-1 and 

PlGF [3, 20, 22, 24] have demonstrated that the association of levels with pre-eclampsia strengthens 

with the course of pregnancy, but that these would not be clinically useful in predicting pre-

eclampsia until third trimester [24]. Furthermore, better predictive accuracy has been reported with 

testing in second trimester [33], but screening at 2nd or 3rd trimester may be too late for preventive 

interventions to be effective.  The potential advantages of first trimester screening include the 

opportunity to incorporate an additional test into existing, routine antenatal testing for identification 

of at-risk pregnancies for closer surveillance. In addition, early implementation of dietary and 
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lifestyle interventions [34] or low-dose aspirin [35] in these pregnancies, may reduce the risk of pre-

eclampsia. 

 

Compared with serum biomarker information alone, we found maternal and clinical risk factors, 

specifically parity, previously diagnosed hypertension and maternal weight provide greater 

predictive value. And, when sFlt-1 or PlGF information is added to these combined, neither 

biomarker provided any additional predictive information. In other studies, the addition of PlGF to 

maternal risk factors improves the predictive accuracy, but the significance of this was not reported 

(relative increase in AUC ranging between 5% and 16%) [26, 30-32]. Although, our LR results for 

clinical risk factors revealed these would be three to five times more likely to be present in women 

with, as opposed to women without, pregnancy hypertension or pre-eclampsia, these LR values are 

still only considered to be indicative of a relatively small likelihood of disease [36]. A systematic 

review of risk factors for pre-eclampsia revealed that there are a broad range of other important risk 

factors that are also important to be taken into account, but we did not have information on, such as 

the presence of antiphospholipid antibodies or family history of hypertension [5].  Overall, our 

results highlight that complete maternal risk factor information compared with any serum biomarker 

tested in early pregnancy would potentially provide much better information in predicting 

hypertensive disorders in pregnancy.  

 

Some of the potential limitations of the study include the lower prevalence of pre-eclampsia (2.5%) 

compared with the maternity population in NSW (3.1%) [37] which may be due to a healthier and 

more affluent cohort. Maternal weight was missing in 21% of the women, although this was 

addressed by applying multiple imputations, which has shown to be a robust and valid technique for 

dealing with missing data [14]. Despite these, strengths of this study were the assessment of an 

unselected consecutive cohort of women attending first trimester screening. Record linkage of 

laboratory to birth and hospital data also ensured follow up and ascertainment of pregnancy 
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outcomes with only minimal missing information. Missing health and pregnancy information was 

mostly attributable to women giving birth in hospitals out of state, although, these women had 

similar characteristics compared with those included in the study.   

 

In conclusion, our findings suggest that maternal first trimester serum concentrations of sFlt-1 and 

PlGF do not predict pregnancy hypertension and pre-eclampsia any better than routinely assessed 

clinical and maternal risk factor information. Screening for sFlt-1 and PlGF levels in early 

pregnancy would not predict those pregnancies at-risk. 

 

Contributors 

FJS, NN, VT, AWA, JMM and CLR conceived the study. NN, JMM and CLR obtained the 

funding.  NN, VT, JMM and CLR acquired the data. FJS conducted the statistical analysis. FJS and 

NN drafted the manuscript which was approved by all authors. All authors critically reviewed the 

manuscript for important intellectual content. FJS takes responsibility for the integrity of the data 

and the accuracy of the data analyses.  

 

Acknowledgements 

We thank the NSW Department of Health and the NSW Centre for Health Record Linkage for 

record linkage, and for access to the population health data. We thank Samantha Lain for 

preparation of data for linkage. There is no conflict of interest to declare. 

 

Financial Disclosure 

This work was funded by a National Health and Medical Research Council (NHMRC) Project 

Grant (#632653) and a Centre for Research Excellence Grant (#1001066). CLR is supported by a 

NHMRC Senior Research Fellowship (#1021025) and NN by a NHMRC Career Development 



 13 

Fellowship (#632955). The NHMRC had no role in study design, data collection and analysis, 

decision to publish, or preparation of the manuscript.  

 

REFERENCES 

[1] Khan KS, Wojdyla D, Say L, Gulmezoglu AM and Van Look PF. WHO analysis of causes of 

maternal death: a systematic review. Lancet. 2006;367(9516):1066-74. 

[2] Steegers EA, von Dadelszen P, Duvekot JJ and Pijnenborg R. Pre-eclampsia. Lancet. 

2010;376(9741):631-44. 

[3] Coolman M, Timmermans S, de Groot CJ, Russcher H, Lindemans J, Hofman A, Geurts-

Moespot AJ, Sweep FC, Jaddoe VV and Steegers EA. Angiogenic and fibrinolytic factors in blood 

during the first half of pregnancy and adverse pregnancy outcomes. Obstet Gynecol. 

2012;119(6):1190-200. 

[4] Sibai B, Dekker G and Kupferminc M. Pre-eclampsia. Lancet. 2005;365(9461):785-99. 

[5] Duckitt K and Harrington D. Risk factors for pre-eclampsia at antenatal booking: systematic 

review of controlled studies. Bmj. 2005;330(7491):565. 

[6] Kleinrouweler CE, Wiegerinck MM, Ris-Stalpers C, Bossuyt PM, van der Post JA, von 

Dadelszen P, Mol BW and Pajkrt E. Accuracy of circulating placental growth factor, vascular 

endothelial growth factor, soluble fms-like tyrosine kinase 1 and soluble endoglin in the prediction 

of pre-eclampsia: a systematic review and meta-analysis. Bjog. 2012;119(7):778-87. 

[7] Centre for Health Record Linkage. Quality assurance in record linkage. 

http://wwwcherelorgau/CHeReLQualityAssuranceJuly2008pdf 2009. 

[8] Lain SJ, Algert CS, Tasevski V, Morris JM and Roberts CL. Record linkage to obtain birth 

outcomes for the evaluation of screening biomarkers in pregnancy: a feasibility study. BMC Med 

Res Methodol. 2009;9:48. 

http://wwwcherelorgau/CHeReLQualityAssuranceJuly2008pdf�


 14 

[9] Meray N, Reitsma JB, Ravelli AC and Bonsel GJ. Probabilistic record linkage is a valid and 

transparent tool to combine databases without a patient identification number. J Clin Epidemiol. 

2007;60(9):883-91. 

[10] Lydon-Rochelle MT, Holt VL, Cardenas V, Nelson JC, Easterling TR, Gardella C and 

Callaghan WM. The reporting of pre-existing maternal medical conditions and complications of 

pregnancy on birth certificates and in hospital discharge data. Am J Obstet Gynecol. 

2005;193(1):125-34. 

[11] Roberts CL, Bell JC, Ford JB, Hadfield RM, Algert CS and Morris JM. The accuracy of 

reporting of the hypertensive disorders of pregnancy in population health data. Hypertens 

Pregnancy. 2008;27(3):285-97. 

[12] Australian Bureau of Statistics. Census of Population and Housing: Socio-Economic Indexes 

for Areas (SEIFA). Available: http://wwwabsgovau/ausstats/abs@nsf/mf/2033055001/ Accessed 10 

October 2011. 2006. 

[13] Lain SJ, Hadfield RM, Raynes-Greenow CH, Ford JB, Mealing NM, Algert CS and Roberts 

CL. Quality of Data in Perinatal Population Health Databases: A Systematic Review. Med Care. 

2012;50(4):e7-e20. 

[14] Schafer JL and Olsen MK. Multiple imputation for multivariate missing-data problems: A data 

analyst's perspective. Multivar Behav Res. 1998;33(4):545-71. 

[15] Cuckle H and Wald NJ. Principles of screening. In: Wald N, Leck I, eds. Antenatal and 

neonatal screening. 2000;2nd ed. Oxford, UK: Oxford University Press; 3–22. 

[16] Swets JA. Measuring the accuracy of diagnostic systems. Science. 1988;240(4857):1285-93. 

[17] Koga K, Osuga Y, Tajima T, Hirota Y, Igarashi T, Fujii T, Yano T and Taketani Y. Elevated 

serum soluble fms-like tyrosine kinase 1 (sFlt1) level in women with hydatidiform mole. Fertil 

Steril. 2010;94(1):305-8. 

http://wwwabsgovau/ausstats/abs@nsf/mf/2033055001/�


 15 

[18] Lynch AM, Murphy JR, Gibbs RS, Levine RJ, Giclas PC, Salmon JE and Holers VM. The 

interrelationship of complement-activation fragments and angiogenesis-related factors in early 

pregnancy and their association with pre-eclampsia. Bjog. 2010;117(4):456-62. 

[19] Parra M, Rodrigo R, Barja P, Bosco C, Fernandez V, Munoz H and Soto-Chacon E. Screening 

test for preeclampsia through assessment of uteroplacental blood flow and biochemical markers of 

oxidative stress and endothelial dysfunction. Am J Obstet Gynecol. 2005;193(4):1486-91. 

[20] Levine RJ, Maynard SE, Qian C, Lim KH, England LJ, Yu KF, Schisterman EF, Thadhani R, 

Sachs BP, Epstein FH, Sibai BM, Sukhatme VP and Karumanchi SA. Circulating angiogenic 

factors and the risk of preeclampsia. N Engl J Med. 2004;350(7):672-83. 

[21] Zwahlen M, Gerber S and Bersinger NA. First trimester markers for pre-eclampsia: placental 

vs. non-placental protein serum levels. Gynecol Obstet Invest. 2007;63(1):15-21. 

[22] Taylor RN, Grimwood J, Taylor RS, McMaster MT, Fisher SJ and North RA. Longitudinal 

serum concentrations of placental growth factor: evidence for abnormal placental angiogenesis in 

pathologic pregnancies. Am J Obstet Gynecol. 2003;188(1):177-82. 

[23] Baumann MU, Bersinger NA, Mohaupt MG, Raio L, Gerber S and Surbek DV. First-trimester 

serum levels of soluble endoglin and soluble fms-like tyrosine kinase-1 as first-trimester markers 

for late-onset preeclampsia. Am J Obstet Gynecol. 2008;199(3):266 e1-6. 

[24] McElrath TF, Lim KH, Pare E, Rich-Edwards J, Pucci D, Troisi R and Parry S. Longitudinal 

evaluation of predictive value for preeclampsia of circulating angiogenic factors through pregnancy. 

Am J Obstet Gynecol. 2012;207(5):407 e1-7. 

[25] Sibai BM, Koch MA, Freire S, Pinto e Silva JL, Rudge MV, Martins-Costa S, Bartz J, de 

Barros Santos C, Cecatti JG, Costa R, Ramos JG and Spinnato JA, 2nd. Serum inhibin A and 

angiogenic factor levels in pregnancies with previous preeclampsia and/or chronic hypertension: are 

they useful markers for prediction of subsequent preeclampsia? Am J Obstet Gynecol. 

2008;199(3):268 e1-9. 



 16 

[26] Akolekar R, Zaragoza E, Poon LC, Pepes S and Nicolaides KH. Maternal serum placental 

growth factor at 11 + 0 to 13 + 6 weeks of gestation in the prediction of pre-eclampsia. Ultrasound 

Obstet Gynecol. 2008;32(6):732-9. 

[27] Youssef A, Righetti F, Morano D, Rizzo N and Farina A. Uterine artery Doppler and 

biochemical markers (PAPP-A, PIGF, sFlt-1, P-selectin, NGAL) at 11 + 0 to 13 + 6 weeks in the 

prediction of late (> 34 weeks) pre-eclampsia. Prenat Diagn. 2011;31(12):1141-6. 

[28] Yu J, Shixia CZ, Wu Y and Duan T. Inhibin A, activin A, placental growth factor and uterine 

artery Doppler pulsatility index in the prediction of pre-eclampsia. Ultrasound Obstet Gynecol. 

2011;37(5):528-33. 

[29] Wortelboer EJ, Koster MP, Cuckle HS, Stoutenbeek PH, Schielen PC and Visser GH. First-

trimester placental protein 13 and placental growth factor: markers for identification of women 

destined to develop early-onset pre-eclampsia. Bjog. 2010;117(11):1384-9. 

[30] Audibert F, Boucoiran I, An N, Aleksandrov N, Delvin E, Bujold E and Rey E. Screening for 

preeclampsia using first-trimester serum markers and uterine artery Doppler in nulliparous women. 

Am J Obstet Gynecol. 2010;203(4):383 e1-8. 

[31] Myatt L, Clifton RG, Roberts JM, Spong CY, Hauth JC, Varner MW, Thorp JM, Jr., Mercer 

BM, Peaceman AM, Ramin SM, Carpenter MW, Iams JD, Sciscione A, Harper M, Tolosa JE, 

Saade G, Sorokin Y and Anderson GD. First-trimester prediction of preeclampsia in nulliparous 

women at low risk. Obstet Gynecol. 2012;119(6):1234-42. 

[32] Myers JE, Kenny LC, McCowan LME, Chan EHY, Dekker GA, Poston L, Simpson NAB and 

North RA. Angiogenic factors combined with clinical risk factors to predict preterm pre-eclampsia 

in nulliparous women: a predictive test accuracy study. Bjog. 2013. 

[33] Lapaire O, Shennan A and Stepan H. The preeclampsia biomarkers soluble fms-like tyrosine 

kinase-1 and placental growth factor: current knowledge, clinical implications and future 

application. Eur J Obstet Gynecol Reprod Biol. 2010;151(2):122-9. 



 17 

[34] Thangaratinam S, Rogozinska E, Jolly K, Glinkowski S, Roseboom T, Tomlinson JW, Kunz R, 

Mol BW, Coomarasamy A and Khan KS. Effects of interventions in pregnancy on maternal weight 

and obstetric outcomes: meta-analysis of randomised evidence. Bmj. 2012;344:e2088. 

[35] Askie LM, Duley L, Henderson-Smart DJ and Stewart LA. Antiplatelet agents for prevention 

of pre-eclampsia: a meta-analysis of individual patient data. Lancet. 2007;369(9575):1791-8. 

[36] Deeks JJ and Altman DG. Diagnostic tests 4: likelihood ratios. Bmj. 2004;329(7458):168-9. 

[37] Centre for Epidemiology and Research. NSW Department of Health. NSW Mothers and 

Babies 2007. NSW Public Health Bull Vol 21(S1):1–156. 2010. 

 



 18 

Table 1: Demographic characteristics and serum levels of PlGF, sFlt-1 and PAPP-A                        
of the study population by pregnancy outcome  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
a P<0.05; b P<0.001; SD: Standard deviation; MoM: Multiple of the median; IQR: Interquartile range 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variable Unaffected women      
n=2,468 

Pregnancy 
Hypertension     

n=213 

Pre-eclampsia      
n=68 

Age (SD) 32.8 (4.7) 32.6 (4.3) 32.1 (4.1) 

Maternal Weight (SD) 66.3 (13.7) 74.4 (18.0) b 72.8 (16.8)b 

Smoking (%) 150 (6.2) 12 (5.6) 1 (1.5) 

Nulliparous (%) 1064 (43.9) 118 (55.7) b 44 (65.7)b 

Country of Birth (%)    
Australia & New 
Zealand 1641 (66.5) 180 (84.5) b 50 (73.5) 

Asian countries 322 (13.1) 11 (5.2) b 6 (8.8) 

Other countries 505 (20.5) 22 (10.3) b 12 (17.7) 
Previously diagnosed 
hypertension (%) 139 (15.6) 40 (18.8) b 11 (16.2) b 

Previously diagnosed 
diabetes (%) 61 (2.5) 11 (5.2) a 4 (5.9) 

PlGF pg/ml (IQR) 24.1 (18.3, 31.7) 21.3 (16.9, 28.0) b 20.7 (17.2, 32.6) 

sFlt-1 pg/ml (IQR) 286.8 (167.1, 472.1) 272 (169.6, 441.7) 268.1 (164.8, 390.5) 

PAPP-A pg/ml (IQR) 1.71 (1.06, 2.79) 1.41 (0.80, 2.14) b 1.34 (0.76, 2.4) a 

PlGF MoM (IQR) 1.01 (0.77, 1.31) 0.92 (0.71, 1.24) b 0.92 (0.73, 1.31) 

sFlt-1 MoM (IQR) 1.01 (0.60, 1.67) 1.01 (0.62, 1.56) 0.82 (0.53, 1.46) 

PAPP-A MoM (IQR) 0.98 (0.66, 1.46) 0.94 (0.62, 1.37) 0.83 (0.57, 1.32) 
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Table 2: Accuracy of models using serum biomarkers levels and maternal and clinical information in                                                                           
early pregnancy to predict pregnancy hypertension and pre-eclampsia based on a 5% false positive rate in all women 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Including: Maternal weight, smoking during pregnancy, parity, previously diagnosed hypertension, previously diagnosed diabetes, high blood pressure  

recorded during pregnancy and country of birth; PPV: Positive likelihood ratio; NPV: Negative predictive value; LR: Likelihood ratio; MoM: Multiple of the median

Variable  AUC (95%CI) P-value Sensitivity (%) 
(95%CI) 

PPV (%) 
(95%CI) 

NPV (%) 
(95%CI) 

LR 
(+) 

(N=2,681) 
Pregnancy hypertension (n=213)       
PlGF MoM 0.56 (0.52, 0.60) 0.005 6.1 (3.3, 10.3) 9.6 (5.2, 15.8) 92.2 (91.0, 93.2) 1.23 
sFlt-1 MoM 0.52 (0.48, 0.55) 0.4 5.8 (3.0, 9.9) 9.0 (4.7, 15.2) 92.2 (91.1, 93.2) 1.17 
PAPP-A MoM 0.53 (0.49, 0.57) 0.15 7.5 (4.4, 11.9) 11.8 (6.9, 18.4) 92.2 (91.1, 93.3) 1.54 
Serum Biomarkers only 0.55 (0.51, 0.58) 0.005 6.3 (3.4, 10.5) 9.7 (5.3, 16.0) 92.3 (91.2, 93.3) 1.26 
Previously diagnosed hypertension + 
Parity 0.64 (0.60, 0.67) <0.0001 18.0 (13.0, 23.9) 21.5 (15.6, 28.4) 93.0 (91.9, 94.0) 3.17 

All maternal and clinical 
information*  0.70 (0.67, 0.74) <0.0001 26.2 (20.3, 32.8) 31.2 (24.4, 38.7) 93.7 (92.7, 94.6) 5.25 

Combined – biomarkers + maternal 
and clinical information 0.70 (0.67, 0.74) <0.0001 24.8 (19.0, 31.2) 30.0 (23.2, 37.5) 93.6 (92.5, 94.5) 4.96 

Pre-eclampsia (n=68)       
PlGF MoM 0.52 (0.45, 0.60) 0.5 7.4 (2.4, 17.3) 3.7 (1.2, 8.4) 97.5 (96.8, 98.1) 1.47 
sFlt-1 MoM 0.56 (0.49, 0.62) 0.1 5.9 (1.6, 14.4) 3.0 (0.8, 7.6) 97.5 (96.8, 98.0) 1.18 
PAPP-A MoM 0.57 (0.49, 0.64) 0.07 8.8 (3.3, 18.2) 4.4 (1.6, 9.4) 97.6 (96.9, 98.1) 1.77 
Serum Biomarkers only 0.57 (0.50, 0.65) 0.04 7.4 (2.4, 16.3) 3.8 (1.2, 8.6) 97.5 (96.8, 98.1) 1.77 
Previously diagnosed hypertension + 
Parity 0.66 (0.60, 0.72) <0.0001 16.2 (8.4, 27.1) 6.4 (3.2, 11.2) 97.6 (97.0, 98.2) 2.53 

All maternal and clinical 
information* 0.74 (0.68, 0.80) <0.0001 25.0 (15.3, 37.0) 12.0 (7.1, 18.5) 97.9 (97.3, 98.4) 5.03 

Combined – biomarkers + maternal 
and clinical information 0.76 (0.70, 0.82) <0.0001 25.0 (15.3, 37.0) 12.0 (7.1, 18.5) 97.9 (97.3, 98.4) 5.03 
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Table 3: Accuracy of models using serum biomarkers levels and maternal and clinical information in                                                                          
early pregnancy to predict pregnancy hypertension based on a 5% false positive rate in nulliparous women 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Including: Maternal weight, smoking during pregnancy, parity, previously diagnosed hypertension, previously diagnosed diabetes, high blood pressure  

recorded during pregnancy and country of birth; PPV: Positive likelihood ratio; NPV: Negative predictive value; LR: Likelihood ratio; MoM: Multiple of the median

Variable  AUC (95%CI) P-value Sensitivity (%) 
(95%CI) 

PPV (%) 
(95%CI) 

NPV (%) 
(95%CI) 

LR 
(+) 

(N=1,182) 
Pregnancy hypertension (n=118)             
PlGF MoM 0.57 (0.51, 0.63) 0.02 6.0 (2.4, 11.9) 11.5 (4.4, 22.2) 90.3 (88.5, 92.0) 1.20 
sFlt-1 MoM 0.52 (0.46, 0.57) 0.5 5.3 (2.0, 11.2) 10.2 (3.8, 20.8) 90.5 (88.6, 92.1) 1.07 
PAPP-A MoM 0.54 (0.49, 0.60) 0.11 6.8 (3.0, 12.9) 12.1 (5.4, 22.5) 90.3 (88.4, 92.0) 1.26 
Serum Biomarkers only 0.57 (0.52, 0.63) 0.01 4.4 (1.5, 10.0) 8.5 (2.8, 18.7) 90.4 (88.5, 92.0) 0.87 
Maternal weight 0.61 (0.55, 0.67) 0.0001 19.5 (12.8, 27.8) 29.9 (20.0, 41.4) 91.6 (89.8, 93.1) 3.92 
All maternal and clinical information 
only* 0.68 (0.63, 0.74) <0.0001 25.6 (18.0, 34.5) 36.1 (25.9, 47.4) 92.1 (90.3, 93.6) 5.16 

Combined – biomarkers + maternal 
and clinical information 0.70 (0.65, 0.75) <0.0001 26.8 (18.9, 36.0) 36.1 (25.9, 47.4) 92.4 (90.7, 93.9) 5.31 

Pre-eclampsia (n=44)       
PlGF MoM 0.49 (0.39, 0.59) 0.9 9.1 (2.5, 21.7) 6.5 (1.8, 15.7) 96.5 (95.2, 97.5) 1.81 
sFlt-1 MoM 0.58 (0.49, 0.66) 0.07 9.1 (2.5, 21.7) 6.6 (1.8, 15.9) 96.4 (95.2, 97.4) 1.82 
PAPP-A MoM 0.54 (0.45, 0.63) 0.3 11.4 (3.8, 24.6) 7.6 (2.5, 16.8) 96.6 (95.3, 97.5) 2.15 
Serum Biomarkers only 0.58 (0.49, 0.67) 0.07 11.4 (3.8, 24.6) 8.1 (2.7, 17.8) 96.5 (95.3, 97.5) 2.26 
Maternal weight 0.63 (0.55, 0.71) 0.002 18.2 (8.2, 32.7) 12.1 (5.4, 22.5) 96.8 (95.6, 97.8) 3.63 
All maternal and clinical information 
only* 0.71 (0.64, 0.78) <0.0001 20.5 (9.8, 35.3) 13.6 (6.4, 24.3) 96.9 (95.7, 97.8) 4.09 

Combined – biomarkers + maternal 
and clinical information 0.74 (0.66, 0.81) <0.0001 25.0 (13.2, 40.3) 16.4 (8.5, 27.5) 97.0 (95.8, 97.9) 4.99 
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Figure 1: Comparison of log sFlt-1 MoM and log PlGF MoM distributions in affected and unaffected pregnancies for pregnancy hypertension 
and pre-eclampsia 
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